
 

SUPPORTING MATERIAL 
  

 

Non-coding lincRNA-p21 and microRNA-155 Mediate the cellular 
adaptation to hypoxia 

 
 

Here, we present the ordinary differential equations  for  the  

model  and  standard  parameter values  and the initial values of 

variables . 

Appendix: Ordinary Differential Equations for the Model 
 

  
       

𝑑𝑑[HIF-1⍺m]
𝑑𝑑𝑑𝑑

 = 𝑘𝑘shifm − 𝑘𝑘dhifm[HIF-1⍺m]                                                                                      (1) 

                  𝑘𝑘dhifm = 𝑘𝑘dhifm0 + 𝑘𝑘dhifm1
[miR-155]

[miR-155] + 𝑗𝑗55hifmd
                                                     (2) 

          
𝑑𝑑[FIH-1ac]

𝑑𝑑𝑑𝑑
 = 𝑘𝑘acfih

𝑂𝑂2
𝑂𝑂2 + 𝑗𝑗o2fih

[FIH-1]−𝑘𝑘defih[FIH-1ac]                                                         (3) 

 

                  [FIH-1] = [FIH-1tot] − [FIH-1ac]                                                                                            (4) 

            
𝑑𝑑[HIF-1⍺]

𝑑𝑑𝑑𝑑
= 𝑘𝑘thif[HIF-1⍺m]−  𝑘𝑘dhif

𝑗𝑗dhif
𝑗𝑗dhif + [lincRNA-p21]

[HIF-1⍺]  

                                  − 𝑘𝑘dhiffih
𝑗𝑗dhiffih

𝑗𝑗dhiffih + [FIH-1ac]
[HIF-1⍺]− 𝑘𝑘aoh[FIH-1ac]

[HIF-1⍺]
[HIF-1⍺] + 𝑗𝑗hiffih

   (5) 

    
𝑑𝑑[HIF-1⍺-aOH]

𝑑𝑑𝑑𝑑
= 𝑘𝑘aoh[FIH-1ac]

[HIF-1⍺]
[HIF-1⍺] + 𝑗𝑗hiffih

− 𝑘𝑘poh[PHD2ac]
[HIF-1⍺-aOH]

[HIF-1⍺-aOH] + 𝑗𝑗hifphd
 

                                  −𝑘𝑘dhif
𝑗𝑗dhif

𝑗𝑗dhif + [lincRNA-p21] [HIF-1⍺-aOH]                                                        (6) 

𝑑𝑑[HIF-1⍺-aOHpOH]
𝑑𝑑𝑑𝑑

= 𝑘𝑘poh[PHD2ac]
[HIF-1⍺-aOH]

[HIF-1⍺-aOH] + 𝑗𝑗hifphd
 

                                        −𝑘𝑘dhifpoh
𝑗𝑗dhifpoh

𝑗𝑗dhifpoh + [lincRNA-p21] [HIF-1⍺-aOHpOH]                               (7) 

                
𝑑𝑑[PHD2tot]

𝑑𝑑𝑑𝑑
= 𝑘𝑘sphd0 + 𝑘𝑘sphd1

[HIF-1⍺]𝑛𝑛

[HIF-1⍺]𝑛𝑛 + 𝑗𝑗sphd1
𝑛𝑛 + 𝑘𝑘sphd1a

[HIF-1⍺-aOH]𝑛𝑛

[HIF-1⍺-aOH]𝑛𝑛 + 𝑗𝑗sphd1a
𝑛𝑛  

                                   −𝑘𝑘dphd[PHD2tot]                                                                                                         (8) 

 



 

        
𝑑𝑑[PHD2ac]

𝑑𝑑𝑑𝑑
= 𝑘𝑘acphd

𝑂𝑂2
𝑂𝑂2 + 𝑗𝑗o2phd

[PHD2]− 𝑘𝑘dephd[PHD2ac]                                              (9) 

              [PHD2] = [PHD2tot]− [PHD2ac]                                                                                         (10)      

     
𝑑𝑑[miR-155]

𝑑𝑑𝑑𝑑
= 𝑘𝑘smiR1550 + 𝑘𝑘smiR1551

[HIF-1⍺]𝑛𝑛

[HIF-1⍺]𝑛𝑛 + 𝑗𝑗smiR1551
𝑛𝑛  

                                  +𝑘𝑘smiR1551a
[HIF-1⍺-aOH]𝑛𝑛

[HIF-1⍺-aOH]𝑛𝑛 + 𝑗𝑗smiR1551a
𝑛𝑛 − 𝑘𝑘dmiR155[miR-155]           (11) 

       
𝑑𝑑[lincRNA-p21]

𝑑𝑑𝑑𝑑
= 𝑘𝑘sLAp210 + 𝑘𝑘sLAp21

[HIF-1⍺]𝑛𝑛

[HIF-1⍺]𝑛𝑛 + 𝑗𝑗sLAp21𝑛𝑛    

                                  +𝑘𝑘sLAp21a
[HIF-1⍺-aOH]𝑛𝑛

[HIF-1⍺-aOH]𝑛𝑛 + 𝑗𝑗sLAp21a𝑛𝑛  − 𝑘𝑘dLAp21[lincRNA-p21]            (12） 

 

Table S1: Variables and their initial values 

Variable initial 
values 

Variable initial 
values 

Variable initial 
values 

[HIF-1⍺m] 1.5 [HIF-1⍺-aOH] 1.04 [PHD2ac] 2.3 

[FIH-1ac] 6.92 [HIF-1⍺-aOHpOH] 0.14 [miR-155] 0.2 

[HIF-1⍺] 0.56 [PHD2tot] 5 [lincRNA-p21] 0.1 

 

Table S2: Standard Parameter Values 
Parameter Description Value Reference 
𝑘𝑘shifm  Induction rate of HIF-1⍺  mRNA 0.0053 estimated 
𝑘𝑘dhifm0 Basal degradation rate of HIF-1⍺ mRNA 0.003 [1] 
𝑘𝑘dhifm1 miR-155-dependent degradation rate of HIF-1⍺  mRNA 0.006 estimated 
𝑗𝑗55hifmd Michaelis constant of miR-155-dependent HIF-1⍺  

mRNA degradation   
2 estimated 

[FIH-1tot] Total concentration of FIH-1 10 estimated 
𝑘𝑘acfih 𝑂𝑂2-dependent activation rate of FIH-1 3 estimated 
𝑗𝑗o2fih Michaelis constant of 𝑂𝑂2-dependent FIH-1 activation      7 [2,3] 
𝑘𝑘defih Deactivation rate of FIH-1  1 estimated 
𝑘𝑘thif Translation rate of HIF-1⍺  mRNA   0.04 estimated 
𝑘𝑘dhif  Primary degradation rate of HIF-1⍺ or HIF-1⍺-aOH 0.02  [4] 
𝑗𝑗dhif Michaelis constant of repressing HIF-1⍺ or HIF-1⍺-aOH 

degradation by lincRNA-p21     
0.3  estimated 

𝑘𝑘poh PHD2-induced hydroxylation rate of HIF-1⍺-aOH at 
proline residue 

0.06  estimated 

𝑗𝑗hifphd Michaelis constant for HIF-1⍺-aOH as a substrate of 
PHD2 

3  estimated 

𝑘𝑘aoh FIH-1-induced hydroxylation rate of HIF-1⍺ at 
asparagine residue  

0.06  estimated 

𝑗𝑗hiffih Michaelis constant for HIF-1⍺ as a substrate of FIH-1  4  estimated 
𝑘𝑘dhiffih FIH-1-related degradation rate of HIF-1⍺    0.0032  estimated 
𝑗𝑗dhiffih Michaelis constant of FIH-1-related HIF-1⍺ degradation   0.1  estimated 



 

𝑘𝑘dhifpoh Primary degradation rate of HIF-1⍺-aOHpOH   0.34  [4] 
𝑗𝑗dhifpoh Michaelis constant of repressing HIF-1⍺-aOHpOH 

degradation by lincRNA-p21 
0.3  estimated 

𝑛𝑛 Hill coefficient of transactivating PHD2, miR-155 and 
lincRNA-p21 by HIF-1⍺ or HIF-1⍺-aOH    

4  estimated 

𝑘𝑘sphd0 Basal induction rate of PHD2   0.03  estimated 
𝑘𝑘sphd1 HIF-1⍺-inducible production rate of PHD2   0.03  estimated 
𝑗𝑗sphd1 Michaelis constant of HIF-1⍺-dependent PHD2 

production   
6  estimated 

𝑘𝑘sphd1a HIF-1⍺-aOH-inducible production rate of PHD2   0.02  estimated 
𝑗𝑗sphd1a Michaelis constant of HIF-1⍺-aOH-dependent PHD2 

production  
10  estimated 

𝑘𝑘dphd Degradation rate of PHD2  0.006 estimated 
𝑘𝑘acphd 𝑂𝑂2-dependent activation rate of PHD2  1.8 estimated 
𝑗𝑗o2phd Michaelis constant of 𝑂𝑂2-dependent PHD2 activation  23 [2,3] 
𝑘𝑘dephd Deactivation rate of PHD2  1 estimated 
𝑘𝑘smiR1550 Basal induction rate of miR-155 6.4E-5 estimated 
𝑘𝑘smiR1551 HIF-1⍺-inducible production rate of miR-155 0.0024 estimated 
𝑗𝑗smiR1551 Michaelis constant of HIF-1⍺-dependent miR-155 

production  
6.5 estimated 

𝑘𝑘smiR1551a HIF-1⍺-aOH-inducible production rate of miR-155  0.0012 estimated 
𝑗𝑗smiR1551a Michaelis constant of HIF-1⍺-aOH-dependent miR-155 

production  
6.5 estimated 

𝑘𝑘dmiR155 Degradation rate of miR-155  0.00032 [5] 
𝑘𝑘sLAp210 Basal  induction  rate  of lincRNA-p21 0.002 estimated 
𝑘𝑘sLAp21 HIF-1⍺-inducible production rate of lincRNA-p21 0.08 estimated 
𝑗𝑗sLAp21 Michaelis constant of HIF-1⍺-dependent lincRNA-p21 

production 
5.7 estimated 

𝑘𝑘sLAp21a HIF-1⍺-aOH-inducible production rate of lincRNA-p21 0.05 estimated 
𝑗𝑗sLAp21a Michaelis constant of HIF-1⍺-aOH-dependent lincRNA-

p21 production 
5.8 estimated 

𝑘𝑘dLAp21 Degradation rate of lincRNA-p21 0.02 estimated 
 

Note: it is the relative rather than absolute value of O2 level that makes sense, so for convenience, 
the oxygen level at normoxia is denoted as 21 and 𝑗𝑗o2phd and 𝑗𝑗o2fih are determined according to 
the relation between the Km of PHD2 and FIH-1 activation for O2 [2,3].           

 

Figure S1: Time courses of [HIF-1αtot] for 0.3% O2 
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